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CDF Experiment and Dataset
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Checked topics
will be covered
in this talk

Any deviation
from SM could
indicate New
Physics signal
indirectly
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Top quark properties

decay kinematics T{FDSS section
t' —=Wq search sonance production
T—tAy search [Ars

single top, Vy, W helicity
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Top Pair Production and decay

Br(t>Wb)~100% NV @

in the SM

Top Pair Decay Channels  m Most top pair production by Strong interaction at the

. Tevatron

B kAR = One top pair each 10 inelastic collisions at Vs = 1.96 TeV
HEE » Observed thousands of events in Run I

= 2ol = | T .-

S |o m Decay channels classified by W decays

e | | o] tautiets » Top pair decay channels (I=e,p)

= | o | muontjets : _

S electron+iets # Dilepton: lvlvbb (5%)

AN - # Lepton+jets: lvggbb (30%)

Sle |ut ud cS i

& # All-hadronic: qqggbb (45%)
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Top quark width

Phys. Rev. Lett. 111, 202001 (2013)

v" Top quark has the largest decay width of the known fermions in the SM

~1.3 GeV at M, =172.5 GeV/c?)

v" Direct measurement of the top-quark width is performed in fully reconstructed
lepton + jets events by using the full CDF Run II data set

prediction. (I
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v" Results are consistent with SM prediction. No evidence of non-SM physics in
the top-quark decay.
* 1.10GeV <TI',,<4.05GeV at 68% C.L.

I

top
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< 6.38 GeV at 95% C.L.
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Top quark Branching Ratio B (t—Wb) /B (t—Wq)

Published in PRL 2 June 2014

v' Branching Ratio (BR) top decaying to bottom quark

gﬁ(t —3 W,[}} “"’t-b|2 (PDG),Phys. Rev. D 86, 010001 (2012)
B W) |Vl + Vil + Vil

v Inthe SM, |Via|2 +|Vis| 2+ | Vo |2=1, | Vi | = 0.999146 0500 PDG: PRD 86, 010001 (2012)

v Comparison between observed data and expectations in 9 subsamples:
(ee, uy, ep) ¢ 3 b-tagging categories (0,1,2)
Dilepton final state CDF Run Il Preliminary 8.7 fb”

v" BR is measured using the Maximum ¢ s Backgiounds
C
. . . - —— Dat
Likelihood estimator and the CKM 2 180 — f R
. . u— = — {t, R=0.87
Matrix element is extracted: o= i R
é 140 = _BR(t > Wb)
L= H P (plp (R, Oppsit, ©5) | Nl HG (z;00,1) 5 150 BR( > Wa)
Z 100i l R= 0.87+0.07
CDF Run IT Preliminary, £=8. 7 fh—! 805— l
Parameter Result 60;
_ BR(t—Wb) 40— |
| Vin 0.93 +0.04 N ; 1 |

2
Number of b-tagged jets
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Top Pair Production Cross Section

Tevatron Run |l

pp — tt cross section (pb) at\'s=1.96 TeV

v" CDF results contribute to Tevatron combination

by 60%.

v" Only CDF dilepton results used the full dataset.
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CDF dilepton — e = 7.09+0.83 8.8 fb™
CDF ANN lepton+jets F e 4 7.82+0.56 4.6 fb"
CDF SVX lepton+jets @] 7.32+0.71 4.6 fb™
CDF all-jets i e 7.21+1.28 2.9 fb"
CDF combined e - 7.63+0.50
D@ dilepton ] 7.36 £ 0.85 5.4 fb™
D@ lepton+jets [—e— 7.90+0.74 5.3 fb"
D@ combined = =] 7.56 +0.59
Tevatron combined e = 7.60+0.41
m, = 172.5 GeV
Le s s el el a0
6 7 8 9

10

G, (Pb)

—e— Measured U(pFJI) tf+X)

— easured deperildence of ¢

—— NNLO+NNLL Qtioln 5 GeV
Loy L : | I

Tevatron Runll, <8.8 fb
Phys. Rev. D 89, 072001 (2014)
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Top quark mass (GeV)

v' Theoretical prediction (Precision ~ 4%)
o =7.35*11 . (scales)+*17 , ,,(PDF)

v CDF combination (Precision ~ 6.5%)
c =7.63 + 0.50 (stat+syst) pb

Chang-Seong Moon, CNRS-Paris&INFN-Pisa 7



Differential do/dcosO, tt cross section

Phys. Rev. Lett. 111, 182002 (2013) : : :
d v" Differential ttbar cross section, do/dcos6,

where 0, is the angle between the top quark
momentum and the incoming proton
momentum as measured in the tt center-of-

(1/0)(do/d costy)

P mass-frame
v' Characterize the shape of do/dcos0, by
expanding in the Legendre polynomials
— -
t do
= Z a¢ FPy(cos 0:
d cos 6, B, ( )
CDF Run Il [£=94f7" tf — futjets
/ . .
oo T Wi S TPRD 5. 0080 G ! where P, is the L.egendre polynomial of
——-- a1 = 0392011 degree ¢, and a, is the Legendre moment of
HH  Legendre series integral (data) y de gree l
G.15¢ £ as (obs) as (pred)
/ 1 0.40£0.12 0. 1';% ggg
ozol 5 0.44L0.25 0.2879930
= ~2 ¢ deviation 3  0.11£0.21  0.0307 557
) 4 0.224+0.28 0.03575 0.8
005k from NLO 5  0.11--0.33 0.004879-002
prediction 6  0.24-£0.40 0.006070:002
7 —0.15+0.48 —0.0028+t2-001
L . . —+ 0. 0003
T, —0.5 0.0 0.5 1.0 8 0.16-£0.65 —0.0019_ 49003

o3 8;
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Top Agg in Standard Model

N, ,—N )
v' FB Asymmetry is defined by A,, = —22—2< (Ay =y, — ;)
NAy>0 * NAy<0 P (q.8) / 0\ p(3.8)

o *W. Bernreuther and Z.-G. Si, Phys.Rev. D86, 034026 (2012)
o Terms of order a2 in the partonic cross section dG(qq — ttX)
@
o

v Inclusive NLO prediction (QCD+EWK) : Agp = 8.8 + 0.6%* /

Interference of the Born diagram with the 1-loop box and crossed box diagrams
Interference of initial and final state radiation

Box FSR
q B()I'n t ( e EEESECTEEL o | q ISR t q t
g g g
_>-~< ] + g >§< + _>««<, g
q t (7—o—.*“uuui — C_] g f q f
Positive asymmetry Negative asymmetry

v' Presence of new physics could make asymmetry
o Axial vector exotic gluon G’ coupling
o Z’ exchange, W' interaction
o Things to have to explain by BSM

* Measured tt cross section () and do/dM,; are in good agreement with SM at Tevatron
and LHC

* Tiny A at LHC and No other indications related to Apg
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Dependency checks of tt Agg in Lep+]ets events

v Observed Agg =

v’ Mass and Rapidity dependence
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Phys. Rev. D 87, 092002 (2013)

+ 2.0%, Parton-level Az =164 + 4.7% with 9.4 fb.

Asymmetry linearly increases as

a function of parton-level M;
and |Ay|

Slopes are 3¢ from zero and
~2.3c from SM prediction

NLO (QCD+EW) tt + Background prediction
agrees with data in top pair py distribution
Agg in the background subtracted data
depends on the tt p spectrum

The normalized shapes from Powheg(NLO)
and Pythia(LO) describes well data, but the
total asymmetry are not

Reconstruction and modeling of the p(tt)
dependence of the asymmetry is robust, and
that the excess asymmetry in the data is
consistent with being independent of p(tt)

10



Leptonic Asymmetry in tt Production

@ J+AxiL 04 [Partonlevel AL
2.5 002 AxiR N 1+ AxiR
I ]-+Axi0 s O2r — .
= & 1+ALPGEN = M ———+ALPGEN
< & 0.01p _ < 0 S == _

S 3 . ]+POWHEG S 1 +POWHEG
2t ]--PYTHIA 0.2p - PYTHIA
~ 0 1 2 3 4 5

qimi

v' The generator-level distributions of q;n, for different models are shown in the left plot.
Shapes almost identical and a little shift of means.

v' The asymmetric part is decomposed from the q,n, distribution at parton level with various
physics models. A(q,n,) is parametrized with an functional form of a - tanh (1/2 - q,n,)

AI _ N(qyn;>0)—N(q;n,<0)
FB N(q;n;>0)+N(q;m;<0)

v' Leptonic Ap kinematically correlated with top Apz and manifestation of Ay in the lepton
from polarized tops.
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Leptonic Asymmetry in Lep+Jets channel

Phys. Rev. D. 88.072003 (2013)

3500

BN Backgrounds 4 (+Jets data —— NLOQCD 4 {+lJets data — Fit A(qy)
0.3

3000/ ™ NLO QCD (POWHEG) Uncertainties: [ +lo(stat. +sys.) B +lo(stat.)

Measured A’,’}’,’, = +0.067 £ 0.016 (stat)

2500 pregicted A',f:’;, = +0.031 "+'
3 2000 g
5 3
2‘ | L
< 1500

1000

500

-0.2 - : : : : -
0.0 0.2 0.4 0.6 0.8 1.0 1.2

0.0 5 } )
(4
qYi o]

0

v Observed AP =9.4+32_, % (SM Prediction: 3.8 £ 0.3%)

v" The observed distribution of events vs qy, in the signal region (left) compared to the NLO
QCD prediction of POWHEG and backgrounds

v" The binned asymmetry Al*P.; (qy,) after correcting for acceptance (right), compared to the
NLO QCD prediction of POWHEG. The best fit for each is shown as the smooth curve of the
same color. The dark (light) gray bands indicate the statistical (total) uncertainty on the fit
curve to the data.
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Leptonic Asymmetry in Dilepton channel

%Accepted by PRL at last week! arXiv:1404.3698

800 F (a): Comparison of the observed number of

x é ? < Data leptons as a function of q,n, with the SM
S — Z % - .
§ jzz _ ’ﬁ /i; 4 E.Backgroun% expectations.
= _- T POWHEG ¢t .
= - . (0 = 7.4 pb) (b): Asymmetric part of the distribution from
g 200F _ E 7/% Systematic data with the best fit and the expectations
Y 1777 uncertainty from the powheg MC model.

-2-15-1-050 051152
qemle
(a)

The bands indicate the one standard deviation
uncertainty (statistical + systematic).

| /- —+ Data v Result:
_—Fit i Alepp =72 + 5.2(stat) + 3.0(syst)%

PN S == = s F— —q--- POWHEG ¢t =7.2  6.0% (SM Prediction: 3.8 + 0.3%)
= _|— 1 Uncertainties
= ] Stat. v' Secondary result: Agg of An between

[ , , , 1 Stat.+syst. the two leptons in each event.

0 05 T 15 2 AM =76 + 7.2(stat) £ 3.9(syst)%

qene =76 +8.1%

(b)
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CDF Combination of tt Leptonic Agg

%Accepted by PRL at last week! arXiv:1404.3698

A from CDF v Combined the two measurements using
BLUE method.
COF Gombination —e— 90728 v Measurements in Lep+Jets channel using

CDF Conf. Note 11035

3864 events, signal purity: 72.8%, at least
one b-tagging:

CDF L+J (9.4 fb™ le — +32 O
E4kn ~—@— 94124+ 22 © AP =047, /o
v fiow BB R E ssat +sys. | v Measurements in DIL channel using 569
events, signal purity: 71.8%, no b-tagging):
CDF DIL (9.1 fo") o AleP ;=721 6.0%
—@—— 72+52+30 _

CDF Cont. Note 11035 + stat, = sy, v' Combined result :

NG, Y AlPey=9.070 5 %

ernreuther an i
Piys, Rov. D 88, 034026 (2012 (Weight: Lep+]Jets 80%; DIL 20%. Correlation: 2.6%)

(SM Predlctlon 3 8 + 0. 3 %)

v" Result is 20 larger than NLO SM prediction:

-20 -1 0 0 10 20 30

Acg (%)
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Forward-backward asymmetry in bb pairs

CDF Run 11 Preliminary [ £ = 9.5 or, COF Run 11 Preliminary JL=05h"
T = T

TT T T
150 < ftffm < 225 Ge\’gc? I A NLO SM -~
App — —6.5:03 % == (PRL 111 062003) 0} e Py sy
s== Axigluon 200 GeV/c* Y A
o, ) I, 5] :
*E -------- Axigluon 345 GeV /e” |
=z , , : 10} :
=225 < My < 325 GeV/c? | 4 :
= [App = —T7455 % ¥ 5t |
= = !
=] - 1] S ——— i
=3 L O — J
T I (N It I i
= : : —af L
9] 0] !
Z |32 Ge_v{fi I< M, | . NLO SM
o [Are =6157% —10F | e — == (PRL 111 062003)
15 &= Axigluon 200 GeV/e? |
-------- Axigluon 345 GeV/c?
' i - —2A 295 705
—60 —40 —20 0 20 60 ) 225 - 325
Particle-jet level Apg(%) bb mass [GeV/c”]

v' Agg in bb pairs at large bb mass using jet-triggered data and jet charge to identify b
from b.

v The asymmetry is consistent with both zero and with the SM predictions as a
function of m(bb). And excluded a Axigluon model (M,=200 Gev/c?). (arXiv:1401.2443)
o Agg only changes sign when My o1,0n > M(bD).

v CDF is working on A in bb pairs at low mass.

v More information in the CDF public page and public note 11092.
o http://www-cdf.ftnal.gov/physics/new/top/2014/Atbbpub/index.html
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Conclusion

v' Recent top quark pairs production and properties results from CDF
are shown

o Most measurements are consistent with the SM prediction.

v’ Top Agp still there at CDF

o Many various experimental checks are done.

o Inconsistent with SM calculation.
 The Top asymmetry grows as a function of tt mass and rapidity
 Leptonic asymmetry measurement show 2c deviation from SM prediction.

o Tevatron combination of Ay in progress.

v’ More information and results in the public webpage : CDF Top
Groups and Tevatron Electroweak Working Group
o http://www-cdf.ftnal.gov/physics/new/top/top.html
o http://tevewwg.fnal.gov
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